The general goal of this research is to advance the knowledge base for low frequency reverberation in shallow water environments. This requires an understanding of the basic physics of the propagation and scattering of acoustic waves in such environments, described in a self-consistent manner.
APPROACH
The methodology used in this research is as follows. By analyzing multiple-frequency transmission data in the form of received time series on a vertical line array (VLA), one can in principle estimate the essential geoacoustic properties of the seabed. The approach is to take advantage of the acoustic field's sensitivity to the effects of the interaction of sound with the seabed to estimate its geoacoustic properties. Assuming that one is successful in obtaining the average seabed geoacoustic structure from the forward transmission data, this information is then used to compute the Green's function propagator in the absence of scattering. This Green's function, along with a model of the scattering potential, are essential elements in producing a physical picture of the reverberation caused by scattering on and within the seabed. A self-consistent analysis refers to this unified description of both forward and backward scattering. As a first-order reverberation analysis, it is useful to compare integrated bottom scattering strengths derived from the use of the propagation Green's function and the monostatic reverberation data measured during ASIAEX with scattering strengths obtained from other experiments in the same general location. A more microscopic approach is to then model the reverberation by solving the basic integral scattering equations where the scattering results from small fluctuations of sound speed and density within the body of the seabed and rough interfaces. The basis of the idea of first solving the forward propagation problem before trying to understand the basic physics associated with back scattering is the observation that geoacoustic and scattering parameters are strongly coupled, making it very difficult to extract information on the scattering potential from reverberation data alone. The general goal of this research is to advance the knowledge base for low frequency reverberation in shallow water environments. This requires an understanding of the basic physics of the propagation and scattering of acoustic waves in such environments, described in a self-consistent manner. 
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WORK COMPLETED
PROPAGATION ANALYSIS: Time series data obtained during the ECS component of ASIAEX have been analyzed for the information they contain on the characteristics of the seabed; this data was collected by P. Dahl and J. Miller on the VLA belonging to the Applied Physics Laboratory, University of Washington (APL-UW/URI), using sources deployed by researchers from the Institute of Ocean Acoustics (IOA), Beijing, China. A broadband normal mode approach was used to model the measured time series in the 10-500-Hz band. The complex multipath arrival pattern, as a function of source-receiver range and source depth, allows one to infer certain characteristics of the seabed. Figure 1 shows an example comparison of modeled and measured time series at a source-receiver range of about 17 km. The comparison is made in sequential order for the time series on the VLA. Table 1 shows the geoacoustic profile, used in conjunction with a measured sound speed profile and water depth that was input into a broadband normal mode algorithm to generate the modeled time series in the 50-350-Hz band. The computed frequency response was multiplied by the source spectrum generated by a Wakely model for a 38-gm TNT charge detonated at a depth of 55 m. A group of arrivals shown in Fig. 1 are very sensitive to the surface sound speed of the sediment. On the basis of sensitivity studies, the surface sound speed of the sediment was estimated to be about 1640 m/s. The attenuation and the frequency exponent were adjusted within reported bounds to give a modeled time spread that agreed with the measured data over a 20-km range interval (about 200 water depths). Figure 2 compares the measured and modeled magnitude of the received spectra for a single hydrophone for the 17-km event. One observes that all the complicated effects of multipathing are superimposed on the envelope of the source amplitude. Figure 3 shows a comparison of modeled transmission loss (TL) that employs the same geoacoustic profile presented in Table 1 and measured TL collected at a nearby location during a different experiment. The data are in the form of octaveaveraged TL, and in order to simulate the effects of octave averaging, the modeled TL employs an incoherent modal sum that eliminates interference patterns. The level of agreement between measured and modeled time series and TL is an indication that the geoacoustic profile may be accurate enough to be employed to construct the two-way Green's function in a scattering computation.
The geoacoustic profile obtained thus far for the ECS component of ASIAEX is consistent with that reported by Collins, Sutton, and Ewing.
1 They reported on measured cores and shear wave experiments at several sites around the ECS ASIAEX location. The surface sediment may be viewed as a mediumgrained sand with a low effective attenuation. According to Collins et al., the first sediment layer overlies a harder layer of sand and gravel. Thus far the analyses have not yielded a sediment thickness or the properties of the second sediment layer with any degree of certainty. For a preliminary characterization of the data, we have computed rangedependent and average scattering strengths of the seabed using the approach previously reported by Urick. 2 In addition to the empirical analysis described above, we have developed a theoretical model of reverberation caused by scattering from inhomogeneities in density and sound speed throughout the volume of the seabed. This model is based on a first-order perturbative treatment of the Helmholtz equation, wherein the inhomogeneities are described by a power spectrum following a power law distribution. We have developed a computer algorithm using a broadband normal mode approach (the same as that used in the analysis of the forward data) to implement the theoretical scattering model to simulate reverberant time series. Tests of this algorithm are nearly complete, having produced simulated time series based on the geoacoustic profile mentioned above, and on various power spectra.
SUMMARY: A brief discussion has been presented about research methods and results concerning propagation and scattering in a shallow water environment. Additional results of the forward propagation and the reverberation analysis will be presented in the next ASIAEX meeting in Chengdu, China, and at the December 2002 Acoustical Society of America meeting. .. +-,--r~~r-~,-~
